Omnvnuana «JIOMOHOCOB» o MexaHnke 1 MaTeMaTHYecKoMy Moaeupoanunio — 2017/2018
10 - 11 kaaccwl
Kputepumn omneHok 3axau:

Kaxxnas 3amaua onienuBaercs B 20 6amio. Onenka 20 6amioB CTaBUTCS 3a TPABUIIBHOE
MIOJIHOE pPEIICHUE 33]]Ja4l U IPABUIIbHBIN OTBET.

3a pelieHre ¢ pa3TUIHBIMU HeJloYeTaMu (HeI0OCTaTKH 0OOCHOBAHWS, HETOYHOCTHU U T. 11.)
craButcs 15 6ayuioB. B HEKOTOPHIX 3a/1auax CTaBMIIMCH Takoke oleHKU 5 1 10 6aymioB 3a yacTuyHOE
MIPOJIBUKEHHE B PEIICHHUU.

Buumanue! Hmoczoewlit 6ann yuacmuuka pagen cymme 0ainoe 3a nams 3a0ay u3 wiecmu, mo

ecmp Xyouasn u3 wecmu OYeHoK 3a 3a0a4u 6 CymMmy 0a106 He 6xooum.

Pemienus 3ana4y Bapuanrta 183

1. ABTOMOOMIIb, MOTOLIMKJIUCT U BEIOCUIIEIUCT BbIEXaIU OJHOBPEMEHHO C ITOCTOSHHBIMU
CKOPOCTSIMH U3 MyHKTa A B IyHKT 5. ABTOMOOWUJIb, 10€XaB JI0 IyHKTa b5, cpasy ke pa3BepHYJICs U
roexail Ha3ajl, BCTPETHB MOTOIMKIIMCTA B 8 KM, a BellocunennucTa — B 16 kM ot myHkTa b.
MOTOLMKIIUCT, 10€XaB 10 IyHKTa b, cpa3y jke pa3BepHYJICs, oexall Ha3al U BCTPETUII
Benocunenucra B 10 km ot nyHkra b. Haiinute pacctosHue Mexay myHKTaMu 4 U b B KMJIOMETpax.

Oxpyriure OTBET 0 OJIMKAMIIEro LEI0ro Yuca.

Otser: 8v10 xm. Bimxkaitmiee nemoe: 25. Pemenue. ITycTs HCKOMOE pacCTOSIHHE €CTh X (KM),

a CKOpOCTH TPAHCIOPTHBIX CPEACTB. 4, b u ¢ km/gac. HpI/IpaBHHeM BpeMA 10 Ka)KI0# U3 BCTpCH:

X+8 x-8 x+16 x-16 x+10 x-10
= , = , = . Orcrona =—-—.— =1, 9To
a b a c b c X—8 x-10 x+16 b ¢ a

MPUBOJAUT K YPABHEHUIO (X+8)(X2 —6X—160) = (X—S)(X2 +6X—160) o x2=640, x=810 xm.

Tak kax 25° <640, a 26° > 640, 10 25< X < 26. Tak kax 25,5 =650, 25> 640, To
25 < X< 25,5, TO ecTh OJIIDKANTIIMM TIEJTBIM 3HAYCHHEM siBIIsieTcs 25. OKpyriieHue 10 OvKalIero

EJIOTO MOXKHO IMMPOBOAUTE Pa3HBIMU crnocobamu. I'maBHOE Tpe60BaHI/IeZ OHO AOJI?KHO OBITH OCHOBAHO
Ha CTPOTuX OILICHKAaX, a HE Ha HpI/I6J'II/I)K€HHI)IX BBIYMCJICHHAX 0€3 OICHKHU TOYHOCTH. B ciIydae
HEOOOCHOBAHHOTO OKPYTJICHHUA (,uan(e IIpH IpaBHUJIILHOM PCILICHUU U OTBGTC) 3a 3a1a4y CTaBUJIACh

ouenka 10 0asoB.

2. Ha ropusonTanbpHOE JHO cocyaa MMIMHAPHIECKOH (POPMBI, COAEPIKAIIETO HEKOTOPOe
KOJIMYECTBO BOJIBI, IIOJIOKUIIN CTAJIBbHOU 1Iap. Y POBEHBb BOJBI B COCYE IMOJHSIICS 0 BBICOTBI, PABHOM
nuaMeTpy mapa. Lllap BEIHYIM U TOJOXKUIIM Ha THO COCY/Ia BTOPOH CTaJIbHOM IIap pa3MepoM Ooublie
IIEPBOTr0. YPOBEHb BOJBI OIIATH OKAa3aJCs Ha BBICOTE, PABHOM IMaMETPy HAXOASILErocs B COCyAE 1apa.

Haiigure oTHOLIEHHME pasnyca JHA COCya K pafinycy IIEpBOro 1iapa, €Ciii paguyc BTOPOTro

11apa B JiBa pa3a 0oJibllie paguyca InepBoro mapa.



.14
OrBer: 3 Pemenne. O603HaunM panuyc AHa cocyaa yepes R, panuychl nepBoro u
BTOpPOTO IIapoB yepes I u Kr (k > 1) COOTBETCTBEHHO. [10CKOIBKY KOJIMYECTBO BOJIBI B COCY/JIE HE

MeHSIeTCs, TIONTyJaeM ypaBHeHue 7R22r —gﬁr?’ = 7R?*2kr —gﬂk3r3 = R?2r(k-1) = g r*k®-1).

Torna R = 1/%(kz +k+1), uro npu Kk =2 NpUBOIWUT K OTBETY R = % .
r r

3. lllecTpaecsT mecTh cEpBEPOB OJMHAKOBON MOITHOCTHU JOJKHBI 00padoTaTh ABa MacCUBa
nHpopmanuu. Brauasne Bce oHM 00pabaThIBalOT MepBbIi MaccuB. B MoMeHT, korza 0110 00paboTaHo
25% mnepBoro MaccuBa, 22 cepBepa IMepeKIFoumId Ha 00paboTKy BTOPOro MaccuBa. B MomeHT, koria
06110 00paboTano eme 25% mepBoro MaccuBa, Ha 00pabOTKY BTOPOTO MacCHBA OBLIO MEPEKIIOYCHO
emte 33 cepsepa. [locie aToro o6padoTka 000uX MaccHBOB ObliIa 3aKOHUYEHA OJTHOBpeMeHHO. Kakoii

MAaccHB OOJIBIIIE K BO CKOJIBKO pa3?

5

o 21 .
OrtBeT: BTOpOI1 MaccuB 0OJIbILIE B i 2— = 2,625 pa3. Pemienne. 3a Ka1blif U3 TPEX 3TANOB

pabots1 obpadotana 1/4, 1/4 u 1/2 nepBoro maccuBa coOoTBETCTBEHHO. I1ycTh mepBbIii MaccuB paBeH A

A
(emmuuUT MTHPOpPMAITUH). 32 BpeMs TIepBOTro dTama 66 cepBepoB oOpadboTamu Y eAuHUI] HHGOpPMAITIHU B

A
Mmaccuse |. 3a Bpems Broporo sTamna 44 cepsepa o6padboTanu 7 enuHul] uHpopmaluu B maccuse |, a

3HAYUT, 22 cepBepa oOpadboTamm 22 % = % A enunaun uaGopmanuu B maccuse .
Otarnbl paboThI Maccus | Maccus I
1 (1/4 mepBoro MaccuBa) 66 cepBepoB 0 cepBepoB
2 (1/4 nepBoro maccuBa) 44 cepsepa 22 cepBepa
3 (1/2 mepBoro MaccuBa) 11 cepBepoB 55 ceprepos

A
3a Bpems TpeThero stana 11 cepepoB obpaboTanu 7 enuHUI nHpopManuu Maccusa |, a

3HAYMT, 55 cepBepoB oOpadboTamu % g = g A enunun naopmanuu Maccuna ll.

B cymme o6pabortano A eaunaui HHGOpMauu MaccuBa | u %A+ g A= % A enuHun

. 21
nHpopmaruu Maccusa |l. 3HauuT, BTOpO MaccuB B r pa3 OoubIIre.



4. VineanbHbIN Ta3 COBEpIIACT ITUKJIMYECKHUI TIPOIIECC, B KOTOPOM JaBJICHUE U TeMIeparypa
cBst3anbl cootHomennem: 1o (P—6P)% + P (T —13T,)? =9P’T7, rae P, T, — MOCTOSHHbIE BENHYHHBI,
npuYeM peanu3yroTcs Bee qonyctumsbie mapbl (P, T) . Onpeaenure OTHOIICHHE MAaKCUMATIbHOTO

3HauyeHus o0beMa rasa K MHHHUMAJIbHOMY, CPEAN JOCTHUTAIOIINUXCA B IIPOLECCE.

OtBeT: ? . Pemenue. Beenem o6o3nauenus: T/ (P—aP,)’ + P/ (T —bT,)* =c’P/T; . B ocsx

P/PR,, T/T, npouecc onmchiBaeTcsi OKpy)HOCTBIO € ieHTpom P /Py =a, T /T, =b paauyca C.

JIuHuM NOCTOAHHOrO 00BbEMA — MPSAMBIE, BHIXOAIINE U3 Hayalla KOOpAUHAT. MakcuMalbHOMY U
MUHUMAaJIbHOMY 00bEMY COOTBETCTBYIOT TOUKH HA OKPY>KHOCTH, KacaTeabHbl€ B KOTOPBIX IPOXOJAT
yepe3 Hayallo KOOpAUHAT. 3HaueHHe 00beMa CBSI3aHO ¢ KOOPAUHATON TOUKU COOTHOLLICHUEM

T vRT, T/T vRT
V=vR—= 0 0 — Octgar, rie @ — yroa Mexay u3oxopoit u ocero T /T, .
F= R P/R- R U yr y H30XOp 0

B Toukax, rae o6beM MakcuMaieH (MUHUMAJIEH), 3TOT YTOJl HETPY/JHO HalTH U3
reOMETPHYECKHX COOOPaKEHUIT: OH SBISCTCS PA3HOCTHIO (CyMMOit) yriioB Mexxay ocbto T /T, u
OTPE3KOM, TIPOBEICHHBIM M3 Hadajla KOOPAMHAT B LIEHTP OKPYKHOCTH ( [ ) M MKy STUM OTPE3KOM H
KacaTeJIbHOW K OKPY)KHOCTH, IPOBEJICHHOW M3 Hadasia KoopauHar (y ):

_ctgpetgy +1

Ctg A nax(miny = Ctg (ﬂ + }/) Ct97/ F Ctgﬂ .

Mycts d =+/a® +b*—c® — mHa oTpeska kacatensHoit. Torma ctgf=b/a, ctgy=d/c,n

HCKOMOE OTHOLICHHE: N = 1+ctgpetgy ctgf+ctgy _ac+ bd cb+ad 10 .

ctgfctgy —1 ctgy—ctgf bd—ac ad—cb 3

. . A
5. Mty nofanu u3 yria A Bonei00JIbHOM MJIOIAAKH CO CKOPOCTBIO  #—7
15 M/c, mox yriaoM o kK GOKOBOM JIMHUM B HAIIPAaBIECHUH IO BETPY (BU BeTeD p
CBEpXY MOKa3aH Ha pucyHKe). Tak KaKk BIOJb IUIOMAJAKU AYET BETEp, TO
M4 uepes 1,5 cekyHibl oKa3alcs B Touke B u BbuleTen 3a mpesensl 1 o

]

- -

rioniaakyu. Cuuras, 4To AEHCTBYIONIAs HA MY CUJla COIIPOTUBIIEHUS BO3/1yXa 3aBUCHUT OT €r0
CKOPOCTH OTHOCUTEJIHHO BO3/yXa U HalpaBlieHa TOYHO MPOTHUB BEKTOPA OTHOCUTEIBHON CKOPOCTH
Msi4a, OTIpeeNuTe CKopocTh Betpa. [llupuna BonelibonpHOM miomanku d =9 M, paccrosaue a=14

M, Sina =0,6. BepTUKaIbHBIM JIBIKCHUEM MsYa IPEHEOPEYb.

Otger: 4 M/c. Pemienue. [lepeiinem B cucteMy oTcuera, B KOTOPOH BO3/IyX IMMOKOUTCS (TO €CTh
JBIDKYIYIOCS cO cKopocThio BeTpa W). HanpaBuM och Y BI10JIb KpaeB IUIOIIAIAKH 110 HAITPABICHHIO
BCTpa, OChb X—B NECPNCHAUKYIISIPHOM HAITPaBJICHHUH. B HOKO?IH.[GIZCH CUCTCMC OTCUCTa X- KOMIIOHCHTA
CKOPOCTH Msidya B MOMEHT To1a4yu paBHa V Sin &, y-koMnoHeHTa paBHa V COS« . B cucreme otcuera,

CBSI3aHHOM C BO31yXOM, X-KOMIIOHCHTA CKOPOCTH HC U3MCHHUTCA, a Y-KOMIIOHCHTA CTAaHET paBHA



V cosa—W . B 370l cucteMe 0TcYeTa CHila COIPOTUBIICHUS U CKOPOCTh KOJUIMHEAPHBI, a 3HAUMT,

TpaeKTOpHs Mstua mpsMoJiHeHa. To ecThb, eciu 1o X OH mpoJieten d, TO 1Mo Y OH MepeMeCTHIICS Ha

q Vcosa-W
Vsina
. Vcosa-W
B HenmoaBmKHOI cucTeMe oTcdeTa cMenieHue mo Yy passo d Veina +Wrzr =a (mo
sina

V (asinag—dcosa)

- =4 wm/c.
Vzsinag—-d

yciosuio). Orcroga W =

BaxHo, 4TO perieHne J0HKHO ObITh TOCTPOSHO AJIS IPOU3BOIBHOTO 3aKOHA CHIIBI
conpoTtusiieHus. Eciy B peleHnn UCIonb3yeTcsl KaKOW-TO KOHKPETHBIN 3aKOH, HallpuMeD,
IIOCTOSIHHAS CUJIa CONIPOTHUBIICHUS, IIPU KOTOPOW JBUKEHNE PAaBHOYCKOPEHHOE, WIH

IMponopuuoHajJbHasA MOIAYJIHO OTHOCHUTEJIbHOM CKOPOCTH, TO 3a/la4a OLCHHUBAJIaChb HC BbIIIC 10 6amnos.

6. Memok ¢ Myko# criofizaet 6e3 HauaabHOU CKOPOCTH IO J0CKE, HAKJIOHEHHOM mof yriaom 45°
K ropu30HTY. COCKOJIB3HYB C JOCKH, OH CBOOOHO TMaaeT Ha TOPU3OHTAIBHBIN MOJ U MOCIE yaapa
CKOJIB3UT 10 Hemy. Koaddumment Tpenns mMenika o qocky u o paBen 0,5. Ha kakom paccTosiHAM OT
MecTa MaJeHus Ha T0JI MEIIIOK OCTAaHOBUTCS, €CJIM Kpaid IOCKU HaxoAUTCs Ha BbicoTe 0,5 M OT moJia, a

MCIIOK J0 Hadajia ABMXXCHHA HAXOJHUJICA Ha BBICOTC 4,5 M?

11-46

OrBert: — ~ 0,3 M. Pemmienne. HaiineM ckopocTh B KOHIIE HAKIIOHHOM TJIOCKOCTH:

mgH = FTp L+ (mV]Z) /2, tne L — paccrosiHre, KOTOPOE MEIIOK MPOE3KAET BIOJIb HAKIIOHHOM

miockocty, papioe L=H /sina. U3 qmunamuku (3akon Kynona-Amonrona) F = umgcosa . Toraa:
V> =2gH - 2ugH -ctga = 2gH (1- uctg @) -

ITocme ydacTKa CBO60)IHOFO MmaacHusA ropu30HTAJIbHAd COCTAaBJIAIOIIass CKOPOCTHU HE U3MCHHUTCA

u ocTaHercs paBHoil V,, =V,, = \/ 20H (1— uctg @) cosa , a BepTUKaIbHAS YBETHUUUTCS 32 CUET

JICHCTBHS CHIIBI TSDKECTU M CTAHET PaBHOM V, = \/Vli +2gh = \/ 2gH (1— uctga)sin® a+2gh .

Yz(ap HCpryFHﬁ, MO3TOMY BCPTUKAJIbHAA KOMIIOHCHTA UMITYJIbCa MCIIIKA UCYE3aCT B PE3YJIbTATEC

yaapa. To AaeT HaM OIIEHKY BEJIMYMHBI HMITYJIbCa CHJIBI HOPMAJIbHOM peakiiuu ornopsl P mpu ynape:
Py =MV, ; MMITyIIbC CUIIBI TPEHHMS 33 BpEMs y/iapa (IIPEAIonaraeM, 4ro CKOJIbKEHNUE He
npexkpawmaeres): P = uB = umv,, .

ITO MO3BOJIACT ¥Y3HaTh, Ha CKOJIBKO U3MCHHMJIACh T'OPHU30HTaJIbHAass KOMIIOHCHTA UMITYJIbCa MCIIKa

3a pems yaapa: P, =m(V,, —U), U =V, —V, , rne U - ckopocTs Melka nociie yjapa.



2 o
Janee kunernueckas seprus merika (MU )/ 2 nmonHocThIO mepeiineT B paboTy CUITbI TPCHUSL, U

OH OCTaHOBHUTCS, MPOiis Hckomoe paccrosuue S (MU?)/2=umgS, S=U?/(2ug),

S = E[ngx + Ny, -2 /leszx] . Orcrona:
y

_ H(@-uctga)(cos® a + u*sin® @) + u°h
Y7

S —2c05a\/H(1—yctga)(H(1—yctga)sin2a+h).

Ioxacrasass croma H =4, h=0,5, ©=0,5, a:%,nonyqaeM S:ﬂzO,B M.



